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(54) Synchronization of a wireless telephone 

(57) In a wireless telephone of a mobile communica- 
tion system, which performs transmission in series of 
bursts, in synchronism with a receive signal transmitted 
from the base station, each burst of transmission being 
performed responsive to a transmission timing signal, a 
sync signal is detected from the receive signal, the trans- 
mission timing signal is generated on the basis of the 
sync signal, and a each burst of transmission is effected 
in accordance with the transmission timing signal. When 
the sync signal ceased to be detected, said transmitting 
timing signal is autonomously generated for a certain 
time period after the sync signal is last detected. In 
another aspect of the invention, during reception in a first 
channel, the channel quality of another vacant channel 
is measured by transferring PLL data to the PLL prior to 
the slot in which the measurement is effected. In a further 
aspect of the invention, bit stream data transmitted from 
the base station is converted into byte stream data and 
used for control within the wireless telephone. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a wireless tele- s 
phone, also called a mobile station, used as a portable 
telephone or a mobile telephone in a digital wireless 
communication system. 

In recent years, wireless telephones of a time divi- 
sion multiplex access (TDMA) system have been put to 
practical use. An example of such wireless telephone is 
disclosed in Japanese Patent Kokai Publication No. 
104861/1994. 

FIG. 1 shows the basic configuration of a digital wire- 
less telephone of the TDMA system. In FIG. 1 , a radio- 
frequency signal transmitted from a base station, not 
shown, is received by an antenna 1 , and supplied via a 
duplexer 2 to a receiving circuit 6. 

The receiving circuit 6 converts the received RF sig- 
nal into a digital baseband signal, and supplies it to a 
receive signal processor 9, The receive signal processor 
9 detects, from the baseband signal, a sync signal of a 
slot allocated to the wireless telephone, as will be 
described later, extracts data signals and demodulates 
the data signals into audio signals, and supplies them to 
a speaker 10, and notifies a controller 11 of an end of 
the allocated slot. The speaker 10 converts the audio sig- 
nal into speech. 

The audio signals having been obtained by convert- 
ing speech by means of a microphone 7 are converted 
by a transmit signal processor 8 under control of the con- 
troller 1 1 , into a digital baseband signal , and further con- 
verted into an RF signal by a transmitting circuit 3. The 
RF signal supplied from the transmitting circuit 3 is sup- 
plied via the duplexer 2 to the antenna 1 , and then trans- 
mitted to the base station, not shown. 

The reception frequency at the receiving circuit 6 
and the transmission frequency at the transmitting circuit 
3 are determined by the reception phase sync loop (PLL) 
5 and a transmission PLL 4 controlled by the controller 
11. Details of these PLLs will be described later. 

FIG. 2 is a block diagram showing the configuration 
of the controller 1 1 in FIG. 1 . Referring to FIG. 2, the con- 
troller 1 1 comprises a CPU 11a coupled with a ROM 1 1b. 
an EEPROM 11c, a RAM 1 1d, and an I/O He via an 
address/data bus 1 1f. 

A user of the telephone makes a call by inputting 
commands, telephone number and the like into the con- 
troller 1 1 by means of a key input section 13 comprising 
key pads. A display section 12 comprises a liquid crystal 
display, for example, displays the input commands, tele- 
phone number, or messages prompting user to take 
some action, the state of connection of the circuit of the 
wireless telephone, and the like. 

FIG. 3 is a diagram showing the timing of the TDMA 
operation in the mobile communication system of the 
TDMA system stipulated in IS-54-B standard (hereinaf- 
ter referred to as IS-54) of Electronic Industries Associ- 



ation (El A) and Telecommunication Industry Association 
(TIA) in the United States. 

Referring to FIG. 3, the base station continuously 
transmits signals having been divided into slots, and the 
portable telephone can continuously receive the signal 
transmitted from the base station, while the wireless tel- 
ephone transmits the signals in series of bursts at pre- 
determined timings. The timings of transmission of the 
signals from the wireless telephone are stipulated to be 
in synchronism with the timing detected from the signal 
transmitted from the base station and received at the 
wireless telephone. 

As will be apparent from FIG. 3, one frame of trans- 
mission and reception of signals between the base sta- 
tion and wireless telephone is formed of 972 symbols, 
and 40 msec. long. 

One frame of the transmission and reception is 
divided into six slots 1 to 6. The symbol rate is 24.3 kSym- 
bols/sec per channel. When the voice codec is of a full 
rate, two slots in one frame are allocated to communica- 
tion between the base station and one wireless tele- 
phone. That is, one base station can communicates, in 
each channel, with three wireless telephones per chan- 
nel in parallel. 

The allocation of the slots within each frame may be 
such that a combination of the slots 1 and 4, a combina- 
tion of the slots 2 and 5, and a combination of the slots 
3 and 6 may be allocated for the respective wireless tel- 
ephones. In the following explanation, it is assumed that 
the slots 1 and 4. indicated by hatching in FIG. 3, are 
allocated to the communication between the base station 
and the wireless telephone in question. It is stipulated 
that the wireless telephone ends the transmission of the 
signals 45 symbols (about 1.85 msec.) before the com- 
mencement of the allocated slot. 

FIG. 4 shows the configuration of one slot of a trans- 
mit signal from the base station, i.e., a receive signal at 
the wireless telephone. It comprises a sync signal of 14 
symbols, data signals and the like of 142 symbols, and 
spare part of six symbols. FIG. 5 shows the configuration 
of one slot of a transmit signal at the wireless telephone. 
It comprises a guard of three symbols, a ramp-up of three 
symbols, a sync signal of 14 symbols, and data signals 
and the like of 134 symbols. 

When the processing is made by means of a soft- 
ware using a microprocessor in the conventional wire- 
less telephone, the sync signal for the allocated slot, 
contained in the receive signal received immediately 
before is detected, and the transmission timing is gener- 
ated from the timing at which the sync signal is detected, 
and the transmit signal is transmitted at the transmission 
timing. When the sync signal of the receive signal is not 
detected, the transmission of the transmit signal is 
stopped. 

However, even rf there is an instance when the 
receive signal is not detected for some reason, the trans- 
mit signal may be properly received at the base station. 
This is because the environment, such as fading may be 
different between the time of transmission and time of 
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reception. The propagation path may also be different 
between the transmission and the reception. Accord- 
ingly, if the transmission is stopped when the sync signal 
is not detected, as described above, then there will be 
no possibility at all of thetransmit signal from the wireless 5 
telephone being received at the base station, and the 
smooth demodulation at the base station may be pre- 
vented, and the speech may be interrupted or intermit- 
tent. 

In a conventional digital mobile communication sys- 10 
tern of the TDMA system, a mobile assisted hand-off 
(MAHO) function by the wireless telephone, as a mobile 
station, has been realized. The MAHO function is gen- 
erally as follows: 

In digital wireless telephone of the TDMA system, 15 
during MAHO operation, the wireless telephone is made 
to perform measurement of the channel quality, such as 
electrostatic field i.e., received signal strength (RSS) or 
the like, of each of the currently-used channel and one 
or more other channels (up to 12 channels) having so 
vacant a slot (hereinafter called a "vacant channel"), and 
if the channel quality of any of the vacant channels is 
better than that of the current channel, then hand-off from 
the current channel to the vacant channel for which the 
better channel quality has been measured is performed. 25 

FIG. 6 shows the protocol sequence in the MAHO 
operation between the base station and a wireless tele- 
phone, in a digital communication system of the TDMA 
system. 

The base station issues a Measurement Order (S1) $0 
for inspecting the channel quality (reception condition) 
of the current channel in terms of numerical data con- 
cerning the RSS, the bit error rate, and the (ike, and also 
to inspect the channel quality of one or more vacant 
channels. 35 

When the wireless telephone receives the Measure- 
ment Order (S1 ), it issues Mobile Ack (S2) and transmits 
it to the base station, and starts the MAHO operation. 

in this MAHO operation, the wireless telephone 
alternately measures the channel quality, such as the 40 
RSS. of a selected one of the vacant channels specified 
by the information in the Measurement Order (S1) and 
the channel quality of the current channel. The results of 
the measurement are transmitted as Channel Quality 
Message (S3) and Channel Quality Message (S4) to the 45 
base station. Hand-off to a better channel is achieved on 
the basis of the results of the measurements. 

In the MAHO operation, the channel quality of the 
current channel and the vacant channel must be meas- 
ured alternately. For this reason, the wireless telephone so 
alters the reception frequency of the reception PLL 5 
shown in FIG. 1 to receive a signal in a vacant channel 
during the MAHO operation, performs the measurement 
of the channel quality of the vacant channel, and then 
returns the reception frequency of the reception PLL 5 ss 
to performs the reception in the current channel. 

FIG. 7A is a block diagram showing the reception 
PLL 5. and FIG. 8A to FIG. 8C are timing charts for 
explaining the process of altering the reception fre- 



quency at the reception PLL The process of altering the 
reception frequency at the reception PLL will next be 
described with reference to FIG. 7A and FIG. 8A to FIG. 
8C. 

First, from the serial input/output (SIO) 11g of the 
CPU 11a, reception PLL data (FIG. 8B) corresponding 
to the frequency to which the output frequency of the P LL 
5 is to be altered is supplied to and written in a set fre- 
quency data register 5a in the reception PLL 5 in syn- 
chronism with a clock (FIG. 8A). 

The reception PLL data is supplied serially, rather 
than in parallel, from the CPU 11a to the PLL 5 is to 
reduce the number of pins of the CPU 1 1 a and the PLL 5. 

At the timing at which the frequency is to be altered, 
a PLL strobe signal (FIG. 8C) which is one of bits of par- 
allel data from a parallel input/output (PIO) 11h of the 
CPU 1 1a is supplied to the set frequency data register 
5a, so as to transfer the reception PLL data (frequency 
division factor data) written in the data register 5a to the 
programmable frequency divider 5b. 

The set frequency data register 5a is formed, for 
example as shown in FIG. 7B. That is. it comprises a 
serial/parallel register 5h, and a latch circuit 5i. The serial 
data from the CPU 1 la is written, bit by bit, in the serial 
parallel converter 5h. which output its contents in parallel 
form. After all the bits are written in the serial/parallel 
converter 5h, and when the PLL strobe signal is applied 
to the latch circuit 5b (at the timing when the reception 
frequency is to be altered), the output from the serial/jpar- 
allel converter 5h is written in the latch circuit 5i. When 
the output of the serial/parallel converter 5h is written in 
the latch circuit 5i, its output is promptly altered. 

The programmable frequency divider 5b frequency- 
divides the output of the voltage controlled oscillator 5g, 
to be described later, with a frequency division factor pro- 
grammed by the frequency division factor data, and sup- 
plies the frequency-divided signal to one of the inputs of 
a phase comparator 5e. 

The frequency divider 5c frequency-divides the sig- 
nal of a fixed frequency from a reference oscillator 5d, 
and supplies the frequency-divided signal to the other 
input of the phase comparator 5e. 

The phase comparator 5e outputs pulses corre- 
sponding to the phase difference between the two input 
signals, and supplies the pulses to a low-pass filter (LPF) 
5f. The LPF 5f converts the input pulses into a DC control 
voltage, and supplies it to the voltage-controlled oscilla- 
tor 5g to control its oscillating frequency. 

The oscillating frequency of the voltage controlled 
oscillator 5g is supplied as the output of the reception 
PLL 5 to the receiving circuit 6 in FIG. 1 , and also is fed 
back to the programmable frequency divider 5b. 

rf the frequency division factor of the programmable 
frequency divider 5b is N (positive integer), the output 
frequency of the frequency divider 5c is fr, and the oscil- 
lating frequency of the voltage controlled oscillator 5g is 
fo, then the following equation holds: 

fo = N-fr 
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Next, FIG. 9 is a flowchart shewing the MAHO 
operation of the CPU 1 1a in. the wireless telephone of 
the TDM A system, and FIG. 10Ato FIG. 10E are its tim- 
ing charts. The MAHO operation will be described in fur- 
ther detail referring to FIG. 9 and FIG. 10A to FIG. 10E. 

When the MAHO operation is started, the CPU 1 1 a, 
at step S1 , first makes judgment as to whether or not it 
is now in an idle slot (one of the slots not used by or allo- 
cated to any of the wireless telephones). 

When it is judged at step S1 that it is now in an idle 
slot, the serial reception PLL data Dv (FIG. IOC) for a 
vacant channel (or a selected one of vacant channels) 
for which the measurement should be made is supplied 
from the serial input/output 1 1 g of the CPU 1 1a and set 
in the set frequency data register 5a in the reception PLL 
5 (step S2). 

When the reception PLL data has been set, and 
when it becomes the timing at which the frequency 
should be altered to that for the vacant channel, the PLL 
strobe signal STv (FtG. 10D) which is one of the bits of 
the parallel input/output 1 1 h of the CPU 1 1a is supplied 
to the set frequency data register 5a (step S3). Then, 
judgment is made as to whether the reception PLL 5 has 
been phase locked (step S4). This in fact is done by judg- 
ing whether a predetermined lock-up has elapsed after 
the PLL strobe signal. It is however possible to measure 
the phase difference, and judges that the reception PLL 
5 has been phase-locked when the measured phase dif- 
ference is smaller than a predetermined value. 

When it is judged that the phase-lock has been 
attained, measurement of the channel quality of the 
vacant channel is conducted at timing Mv (FIG. 1 0E and 
step S5). 

Whife the measurement for the vacant channel is 
effected, the serial reception PLL data Dc (FIG. 10C) for 
the current channel is then supplied from the serial 
input/output 1 1g of the CPU 11a and set in the set fre- 
quency data register 5a in the reception PLL 5. 

When the setting of the reception PLL data is com- 
pleted, and when it becomes the timing at which the fre- 
quency is returned to that for the current channel, the 
PLL strobe signal STc (FIG. 10D) which is one of the bits 
of the parallel input/output 1 ih of the CPU 11a is sup- 
plied to the set frequency data register 5a. Judgment is 
then made as to whether the reception PLL 5 has been 
phase-locked. 

When it is judged that the phase-lock has been 
attained, the measurement of the channel quality of the 
current channel is conducted at timing Mc (FIG. 10E). 

The measurement of the channel quality of the cur- 
rent channel is conducted in the same way. in a period 
other than the allocated slot. 

In the wireless telephone of the TDM A system in the 
prior art, when the full rate codec is used, the measure- 
ment of the vacant channel and the current channel 
needs to be completed within 1 1 msec, from the setting 
of the reception PLL data in the data register 5a. That is, 
the time Tm up to the measurement of the current chan- 
nel must be less than 1 1 msec. 



That is. if the sum of the time for the setting of the 
PLL data for the vacant channel, the lock-up time Lv 
which the reception PLL 5 requires for phase lock to the 
vacant channel, the time for measurement for the vacant 
5 channel, the time for the setting of the PLL data for the 
current channel, the lock-up time which the reception 
PLL 5 requires for phase lock to the current channel, and 
the time for measurement for the current channel 
exceeds the above-mentioned stipulated time, then it is 
w not possible to return to the current channel before the 
commencement of the current channel reception slot 
(e.g. , the slot 4), and the reception of the current channel 
from the base station is no longer possible. The timing 
with which it is possible to return to the current channel 
is is called MAHO timing. 

Another problem of the conventional wireless tele- 
phone accompanies the increase in control data 
exchanged between the wireless telephone and the 
base station. In the past, not so much amount of such 
so control data was exchanged, and the positions of the 
control data within bit stream data are fixed, so that the 
designated bits are directly analyzed, created, or proc- 
essed, by programs. 

However, in recent wireless telephone, data is digi- 
ts tized, and functions are more complicated, so that the 
number and types o1 exchanged control data are 
increased, and the format of control data is more com- 
plicated. To process the communication data by the use 
of programs as in the prior art, a ROM of a large capacity 
30 is required, and the cost is increased. The size of the 
wireless telephone is increased, and its portability is 
degraded. 

SUMMARY OF THE INVENTION 

35 

An object of the invention is to enable transmission 
from the wireless telephone for a certain period when the 
sync signal in the receive signal is ceased to be detected 
at the wireless telephone. 
40 Another object of the invention is to provide a digital 
wireless telephone of the TDMA system which can return 
to the current channel in time after the MAHO operation. 

Another object of the invention is to provide a digital 
wireless telephone of the TDMA system which can per- 
45 form the MAHO operation without degradation in the 
transmitted voice quality or interference in the data com- 
munication due to noises. 

A further object of the invention is to provide a digital 
wireless telephone of the TDMA system which is small - 
so sized, is inexpensive, and can perform the MAHO oper- 
ation. 

A further object of the invention is to provide a wire- 
less telephone which can cope with increase in the 
number of types of the control data transmitted from or 
55 to the base station, by only a slight increase in the capac- 
ity of a ROM. 

According to an aspect of the invention, there is pro- 
vided a wireless telephone of a mobile communication 
system, which performs transmission in series of bursts, 
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in synchronism with a receive signal, transmitted from 
the base station, each burst of transmission being per- 
formed responsive to a transmission timing signal, com- 
prising: 

means (9) for detecting a sync signal from the 
receive signal; 

means (11, T3, S104.S107) for generating said 
transmission timing signal on the basis of the sync signal; 
means (1 1 . T3. Si 07, S108) for autonomously generat- 
ing said transmitting timing signal when the sync signal 
is not detected; 

means (8) effecting said each burst of transmis- 
sion in accordance with the transmission timing signal; 
and 

means (11, S102, S103) for preventing genera- 
tion of said transmission timing signal when the sync sig- 
nal is not detected for a predetermined time (Ta). 

Said means for autonomously generating said trans- 
mission timing signal may comprise timer means (T3, 
S107, S108) measuring a predetermined time corre- 
sponding to an interval between successive bursts of 
transmission, from the generation of the transmission 
timing signal for a preceding burst of transmission, with 
the measurement of the predetermined time being made 
by reference to an internal oscillator (1 1g). 

According to another aspect of the invention, there 
is provided a method communication of a wireless tele- 
phone of a mobile communication system, which per- 
forms transmission in series of bursts, in synchronism 
with a receive signal in the form of a frame, transmitted 
from the base station, each burst of transmission being 
performed responsive to a transmission timing signal, 
comprising the steps of: 

detecting a sync signal from the receive signal; 

generating, when said sync signal isdetected, the 
transmission timing signal on the basis of the sync signal; 
autonomously generating the transmitting timing signal 
when the sync signal is not detected; 

effecting said each burst of transmission in 
accordance with the transmission timing; and 

stopping the generation of the transmission timing 
signal when the sync signal is not detected for a prede- 
termined time (Ta). 

Said step of autonomously generating said trans- 
mission timing signal may comprise measuring a prede- 
termined time corresponding to an interval between 
successive bursts of transmission, from the generation 
of the transmission timing signal for a preceding burst of 
transmission, with the measurement of the predeter- 
mined time being made by reference to an internal oscil- 
lator 

With the above arrangement, if for some reason, the 
signal from the base station is not received at the wire- 
less telephone, transmission from the wireless tele- 
phone is continued until the expiration of a 
predetermined time (Ta). Accordingly, reception at the 
base station of the transmit signal from the wireless tel- 
ephone can be continued. 



According to another aspect of the invention, there 
is provided a wireless telephone of a TDMA system hav- 
ing a MAHO function, comprising: 

reception means (6) receiving a signal from a 
5 base station, said reception means (6) capable of recep- 
tion in a selected one of a plurality of channels of different 
frequencies; 

a controller (1 1 ) for causing the reception means 
(6) in a state of reception in a first channel, to perform 
w tentative reception and measurement in a second chan- 
nel to find whether it is desirable to change a reception 
channel signal from the first channel to the second chan- 
nel; 

a PLL (5) for determining the frequency of the sig- 

is nal to be received by said reception means (6); 

said controller (1 1 , S21 1, S213; S221 , S223) nor- 
mally causing said PLL to generate a first frequency cor- 
responding to the first channel by providing said PLL with 
first control data, causing, during said MAHO operation, 

so said P LL to generate a second frequency corresponding 
to the second channel by providing said PLL with second 
control data, and applying a change timing signal for 
causing the PLL to change from the first frequency to the 
second frequency; and 

25 means (1 1 , S216, S228) for measuring the chan- 

nel quality of the said second channel; 

wherein said signal transmitted from said base 
station is time-divided in a plurality of slots including a 
first slot which is currently allocated to the wireless tele- 

30 phone and a second slot in which the measurement of 
the channel quality of said second channel is to be 
effected, and 

said controller (11) performs the operation for 
transferring the first control data to said PLL, prior to the 

35 commencement of the second slot, and performs said 
operation for changing the generated frequency during 
said second slot. 

With the above arrangement, the time required for 
the MAHO measurement to be completed after the com- 
40 mencement of the idle slot (in which the measurement 
is effected) is shorter by the length of time necessary for 
transferring the control data. The requirements on the 
MAHO timing can thus be met. 

It may be so arranged that said controller (1 1 ) trans- 
45 fers the second control data to said PLL in said first slot. 
With the above arrangement, the influence of trans- 
fer of the PLL data on the reception of the signal from 
the base station can be eliminated. 

It may be so arranged that said controller (1 1 ) trans- 
50 fers the second control data to said PLL during a period 
other than a period for transmission from the wireless 
telephone to the base station. 

WHh the above arrangement, influence of transfer of 
the PLL data on the transmission of the signal to the base 
55 station can be eliminated. 

According to another aspect of the invention, there 
is provided a wireless telephone comprising: 

a receive bit stream data memory (D1) for storing 
bit stream data received from a base station; 
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a plurality of message tables (342) selected 
according to a message type of the bit stream data, each 
message table defining how each part of the bit stream 
data is to be processed for conversion into byte stream 
data; and 

control means (11a) for extracting said each part 
of the bit stream data and producing a corresponding 
part of byte stream data; 

said each message table designating the number 
of bits forming said each part of the bit stream data. 

It may be so arranged that said each message table 
further designating the memory location within said bit 
stream data memory from which said each part of the bit 
stream data should be extracted. 

It may be so arranged that the wireless telephone 
further comprises a receive byte stream data memory 
(D2) for storing the byte stream data, wherein said each 
message table designates memory location in said 
receive byte stream data memory into which said corre- 
sponding part of the byte stream data obtained by con- 
version from the bit stream data is to be stored. 

It may be so arranged that said each message table 
defining the manner of processing said each part of the 
bit stream data according to a bit type of said each part. 

With the above arrangement, the receive bit stream 
data memory which is, for instance, allocated in a RAM 
1 1d stores bit stream data such as forward digital traffic 
channel (FDTC) output from a receive signal processor 
(9). The selected message table indicates how each part 
of the bit stream data should be processed for conver- 
sion. The process may be selected according to the bit 
type of each part of the bit stream data. The number of 
bits to be extracted from the bit stream data is desig- 
nated. In some instances, the designated number of bits 
are skipped, rather than being read. 

Because the bit stream data transmitted from the 
base station is converted into byte stream data, the oper- 
ation within the wireless telephone needs only to handle 
byte data. The software for such operation is simpler, and 
the size of the ROM storing the software can be reduced. 

According to another aspect of the invention, there 
is provided a wireless telephone comprising: 

a transmit byte stream data memory (D11) for 
storing byte stream data to be transmitted to a base sta- 
tion; 

a plurality of message tables (346) selected 
according to a message type of the byte stream data, 
each message table defining how each part of the byte 
stream data is to be processed for conversion into bit 
stream data; 

control means (11a) for extracting said each part 
of the byte stream data and producing a corresponding 
part of bit stream data; and 

a transmit bit stream data memory (D1 2) for stor- 
ing the bit stream data obtained by conversion from said 
byte stream data; 

said each message table designating the bit posi- 
tion into which said corresponding part of the bit stream 
data is to be stored. 



ft may be so arranged that said each message table 
designates the byte position in said byte stream data 
memory from which said each part of the byte stream 
data is to be extracted. 

5 It may be so arranged that said each message table 

defining the manner of processing said each part of the 
byte stream data according to a bit type of said each part. 

With the above arrangement, the transmit byte 
stream data memory which is, for instance, allocated in 

io a RAM 1 1d stores byte stream data such as reverse dig- 
ital traffic channel (RDTC) output via a transmit signal 
processor (8). The selected message table indicates 
how each part of the byte stream data should be proc- 
essed for conversion. The process may be selected 

is according to the bit type of each part of the byte stream 
data. The number of bit positions in a transmit bit stream 
data memory into which the corresponding part of the bit 
stream data is to be stored may also be designated. 
Because the bit stream data transmitted to the base 

20 station is obtained by conversion from byte stream data, 
the operation within the wireless telephone needs only 
to handle byte data. The software for such operation is 
simpler, and the size of the ROM storing the software 
can be reduced. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects of the invention, its fea- 
tures and advantages will be more apparent from the 
30 description of the embodiment with reference to the 
drawings, in which: - 

FIG. 1 is a block diagram showing the basic config- 
uration of a conventional digital wireless telephone 

35 of the TDM A system; 

FIG. 2 is a diagram showing the details of the con- 
figuration of the controller shown in FIG. 1 ; 
FIG. 3 is a diagram showing the timing of the TDMA 
operation in the mobile communication system of 

40 the TDMA system; 

FIG. 4 is a diagram showing the configuration of one 
slot of a transmit signal from the base station; 
FIG. 5 is a diagram showing the configuration of one 
slot of a transmit signal at the wireless telephone; 

45 FIG. 6 is a diagram showing the protocol sequence 
in the MAHO operation between a base station and 
a wireless telephone, in a digital communication sys- 
tem of the TDMA system; 

FIG. 7A is a block diagram showing the configuration 

so of the reception PLL; 

FIG. 7B is a block diagram showing an example of 
the set frequency data register 5a in FIG. 7A; 
FIG. 8A to FIG. 8C are timing charts showing the 
process of alteration of the reception frequency at 

55 the reception PLL; 

FIG. 9 is a flowchart showing the MAHO operation 
of the digital wireless telephone of the TDM A system 
in the prior art; 
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FIG. 10A to FIG. 10E are timing charts showing the 
MAHO operation of the digital wireless telephone of 
the TDM A system in the prior art; 
FIG. 1 1 A is a block diagram showing the configura- 
tion of a conventional digital wireless telephone of s 
the TDMA system; 

FIG. 1 1 B is a diagram showing the contents of part 
of the RAM in the controller 1 1 shown in FIG. 11 A; 
FIG. 12 is a diagram showing the timing of the TDMA . 
operation in the mobile communication system of io 
the TDMA system; 

FIG. 1 3 is a flowchart showing the operation for the 
autonomous generation of the transmit timing signal 
according to the embodiment of FIG. 1 1 A; 
FIG. 1 4 is a flowchart showing the MAHO operation is 
of the digital wireless telephone of the TDMA system 
of another embodiment of the invention; 
FIG. 1 5A to FIG. 1 5E are timing charts showing the 
operation of the CPU in the digital wireless tele- 
phone of the TDMA system of the embodiment of 20 
FIG. 14; 

FIG. 16A and FIG. 16B are flowcharts showing the 
MAHO operation of the digital wireless telephone of 
the embodiment of FIG. 14 of another embodiment 
of the invention; 25 
FIG. 1 7A to FIG. 17E are timing charts showing the 
MAHO operation of the digital wireless telephone of 
the embodiment of FIG. 16A and FIG. 16B; 
FIG. 18 is a diagram showing the memory areas in 
the RAM 1 1d and ROM 1 lb in a further embodiment 30 
of the invention; 

FIG. 1 9 is a diagram showing the configuration of 
the bit stream data transmitted to the wireless tele- 
phone; 

FJG. 20A to FIG. 20C are diagrams showing an 35 
example of forward digital traffic channel data 
(FDTC) in the form of bit stream data and corre- 
sponding byte stream data; 
FIG. 21 is a flowchart showing the operation for con- 
verting the received bit stream data into byte stream 40 
data; 

FIG. 22 is a diagram showing an example of the 
receive bit definition table used for processing the 
receive bit stream data of FIG. 21 ; 
FIG. 23A to FIG. 23C are diagrams showing an 45 
example of a reverse digital traffic channel data 
(RDTC). in the form of byte stream data and corre- 
sponding bit stream data; 

FIG. 24 is a flowchart showing the operation for con- 
verting the transmit byte stream data into bit stream so 
data; 

FIG. 25 is a diagram showing a transmit bit definition 
table used for processing the transmit byte stream 
data of FIG. 24; 

FJG. 26 is a flowchart showing the operation for 55 
extracting a sequence of bits forming part of the bit 
stream data from the first reception memory and 
storing the byte stream data in the second reception 
memory; 



FIG. 27 is a diagram showing the conversion of the 
bit stream data into the byte stream data; 
FIG. 28 is a diagram showing an example of bit pat- 
tern table; 

FIG. 29 is a diagram showing how the bit stream data 
is converted into byte stream data and written in the 
second reception memory; 

FIG. 30 is flowchart showing the operation for con- 
verting the byte stream data in the first transmission 
memory, into the bit stream data and storing the bit 
stream data in the second transmission memory; 
FIG. 31 is a diagram showing how the byte stream 
data is converted into bit stream data; and 
FIG. 32 is a diagram showing how the byte stream 
data is converted into bit stream data and written in 
the second transmission memory. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of the invention will now be 
described with reference to FIG. 1 1 A, FIG. 1 1 B, FIG. 12 
and FIG. 13 as well as FIG. 1 and FIG. 2. 

The hardware configuration of the wireless tele- 
phone of this embodiment is the similar to that shown in 
FIG. 1. However, the controller 11 of this embodiment 
has an additional function which is implemented by soft- 
ware, i.e. , computer programs stored in a program mem- 
ory 11b (FIG. 2). 

As was described, the receive signal processor 9 
notifies the controller 1 1 of the reception of a sync signal 
that has been detected in the receive signal. 

Responsive to the sync signal in the receive signal, 
the controller 1 1 generates a transmission timing signal 
St indicating the timing of transmission at the next trans- 
mission cycle, and a reception timing signal Sr indicating 
the timing of reception of at the next reception cycle, and 
performs control over timing for autonomous transmis- 
sion, to be later described in detail. The generation of the 
transmission timing signal St and reception timing signal 
Sr is achieved by measuring the time by reference to an 
internal oscillator 1 1g, i.e., by counting clock pulses gen- 
erated from the internal oscillator 1 1g. 

Specifically, the controller 1 1 generates the trans- 
mission timing signal St a predetermined time Tr (FIG. 
12) after the detection of the sync signal, and generates 
the reception timing signal Sr a predetermined time Tr 
(FIG. 1 2) after the detection of the sync signal. When the 
sync signal is not detected, the controller 1 1 keeps gen- 
erating the transmission timing signal St. with reference 
to the timing at which the sync signal was last detected, 
to continue the transmission until expiration of a prede- 
termined time Ta. 

When the sync signal is not detected, generation of 
the transmission timing signal St is repeated at a prede- 
termined interval Tp, which is equal to the time length for 
three slots. 

The overall effect is that the transmission timing sig- 
nal St is generated Tt after the detection of the sync sig- 
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nal. and thereafter at an interval of Tp. Such continued 
generation of the transmission timing signal St at an 
interval Tp, measured on the basis of the clock internal 
to the wireless telephone, is called autonomous gener- 
ation of the timing signal St. and is continued for a pre- 5 
determined time Ta after the sync signal was last 
detected. When the predetermined time Ta has expired, 
the autonomous generation of the transmission timing 
signal Si is slopped (and hence the transmission is 
halted). The reason for hatting the transmission by 
means of the autonomous generation of the transmis- 
sion timing signal is that the error in the transmission tim- 
ing signal St accumulates with time, and may become 
intolerable, causing interference with the communication 
of other wireless telephones. 

As an example, the length of the time Ta is 0.823 
sec., as will be explained later. 

The controller 1 1 also causes termination of com- 
munication when the sync signal is not detected for a 
predetermined time Tf, called fading time. This to stop 
communication when an adverse reception state contin- 
ues. The time Tf is five sec. for example. 

To perform the above operations, the RAM 11d in 
the controller 1 1 of this embodiment has memory areas 
used as timers T1 to T4, as shown in FIG. 1 1 B. The tim- 
ers T1 and T4 are for measuring the times Tf and Ta. 
respectively. The timer T2 is for measuring the time Tt or 
Tp. The timer T3 is for measuring the time Tr or Tp. 

The CPU 1 1a of the controller 1 1 writes the set val- 
ues in the respective timers, and cause the timers to 
down-count in accordance with the internal clock, and 
when the value of each timer becomes zero, a time-out 
signal is generated. 

FIG. 1 3 shows the operation for determining the tim- 
ing of the transmission and reception, in accordance with 
the computer program stored in the ROM 1 1b. This oper- 
ation is started when the communication (call) is started. 

First, at step S101, Tf is set in the fade timer T1, 
which is then started. Then, at step SI 02, and judgement 
is made as to whether a sync signal is detected in the 
receive signal. If it is not detected, then at step S103, 
whether the fade timer T1 has timed out. It it has not 
timed out. then the next step is step S1 02. If it has timed 
out, the communication is terminated. 

If, at step S102, the sync signal is detected, then at 
step S104, Tf, Tr, Tt and Ta are set (or re-set), and the 
timers are started (or re-started). 

Then, at step S105. judgement is made as to 
whether T4 has timed out. If it has timed out, then the 
next step is step S102. If it has not timed out, then the 
next step is step S106. where judgement is made as to 
whether an orvhook signal has been generated. If it has 
been made, the communication is terminated. If it has 
not been made, then CPU 1 1 a waits for the transmission 
timing to come, by referring to the timer T3. When the 
transmission timing comes, then at step S108, transmis- 
sion timing signal St is generated (causing the transmit 
signal processor 8 to perform the transmission), and Tp 
is set in the timer T3, which is then started. 



At a next step S1 09, the CPU 1 1 a waits for the recep- 
tion timing to come. When the reception timing comes, 
then at step S1 10. reception is made, and Tp is set in 
the timer T2. which is then started. 

At a next step Sill, judgment is made as to whether 
the sync signal is detected in the receive signal. 

K it is detected, the next step is step S104. If it is not 
detected, the next step is step S105. 

ft should be noted that if the sync signal is detected, 
the timers T2 and T3 are re-set with Tr and Tt (step 
Si 04), so that the next transmission and reception are 
made at timing Tt or Tr after the detection of the sync 
signal, while if the sync signal is not detected, the next 
transmission and reception are conducted at timing Tp 
after the preceding transmission or reception. When the 
sync signal is not detected, the voice signal processing 
is not performed. 

However, the transmission of the signal at the step 
S108 may successfully reach the base station, and the 
one-way communication may be continued. 

In this way, autonomous transmission may be con- 
tinued for Ta after the last detection of the sync signal. 

The length of Ta depends on the accuracy of the 
clock generator internal to the wireless telephone. As an 
example, consideration is given for a case according to 
the stipulation of IS-S4. 

The transmission burst of the wireless telephone is 
provided with a guard field of three symbols. The guard 
field is provided for avoiding interference between sig- 
nals due to time shift of the timing of the transmission 
between different wireless telephones. With a safety 
margin, it can be said that an error of one symbol will not 
cause an interference. The time length at which the error 
may exceed one symbol is the maximum value of time 
Ta. The tolerance of the quarz oscillator generally 
employed is 50 ppm. The time at which the error is one 
symbol length if the error of the oscillator is 50 ppm can 
be set is Ta. Since the symbol rate is 24.3 k Sym- 
bols/sec., 

Ta = (1/24,300)/0.00005 
= about 0.823 sec. 

As has been described according to the embodi- 
ment described with reference to FIG. 11A to FIG. 13. 
the wireless telephone can continue transmission, with- 
out being affected by the quality of radio channel from 
the base station to the wireless telephone. The base sta- 
tion can receive the signal transmitted from the wireless 
telephone, and the demodulated voice and the like are 
not interrupted. In particular, the quality o1 transmission 
of data from the wireless telephone can be improved. 

Another embodiment of the invention will now be 
described. In the embodiment described below, the 
basic configuration and operation of the digital wireless 
telephone are the same as those of the prior art example 
described with reference to FIG. 1 to FIG. 8, and their 
description is not repeated. The assumption that the 
slots 1 and 4 are allocated to the wireless telephone in 
question also holds. 
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FIG. 1 4 is a flowchart showing the MAHO operation 
of the CPU 1 1a of the wireless telephone of the TDM A 
system according the first embodiment of the invention. 
FIG. 15A to FIG. 15E are its timing charts. 

When the CPU 11 a receives a Measurement Order s 
(S1 in FIG. 6). it sets serial reception PLL data at timing 
Dv (FIG. 15C) corresponding to the frequency of the 
vacant channel for which the measurement should be 
made, in the set frequency data register 5a in the recep- 
tion PLL 5, before the idle slot 2 (step S21 1). w 

The CPU 1 1 a then makes judgment as to whether 
it is now in an idle slot (slot 2 in FIG. 1 5B) (step S212). 
If it is found at the step S212 that it is now in an idle slot, 
then the reception PLL strobe signal (FIG. 15D) of one 
bit is supplied from the parallel input/output 1 ih of the is 
CPU 1 1a to the set frequency data register 5a, and the 
strobe operation is conducted at timing STv (step S21 3). 

Then, timing Dc, the serial reception PLL data cor- 
responding to the frequency of the current channel is set 
from the serial input/output 1 1g of the CPU 1 1a to the so 
set frequency data register 5a in the reception PLL 5 
(stepS214). 

Then, at step S2 1 5. judgment is made as to whether 
the reception PLL 5 has been phase-locked with the 
reception frequency for the vacant channel having been 25 
set at step S21 1 and having been strobed at step S21 3. 
This can be achieved, by measuring the lock-up time t1 . 

When it is judged that the phase-lock has been 
attained, then at step S216, the measurement of the 
channel quality of the vacant channel is effected at timing 30 
Mv in FIG. 15E. 

After the measurement tor the vacant channel is 
completed, the reception PLL strobe signal (FIG 15D) 
of one bit is supplied to the parallel input/output 1 1h of 
the CPU 11a to the set frequency data register 5a. at 35 
timing STc. Then, judgment is made as to whether the 
reception PLL 5 has been phase-locked, by measuring 
the predetermined lock-up time. 

When it is found that the phase-lock has been 
attained, the measurement of the channel quality for the 40 
current channel is effected at timing Mc in FIG. 15E. 

The wireless telephone repeats the measurement of 
the channel qualities of the vacant channel and the cur- 
rent channel and transmits the results of the measure- 
ment until it receives a message from the base station 45 
commanding that the MAHO operation should be termi- 
nated. 

As has been described, according to the above- 
described embodiment, the reception PLL data for the 
vacant channel for which the measurement should be so 
made is set in the set frequency data register 5a prior to 
the idle slot, and reception PLL data for the current chan- 
nel is set in the set frequency data register 5a during the 
idle slot and while the lock-up of the reception PLL for 
the vacant channel is executed. As a result, the time until 55 
the completion of the measurement for the vacant chan- 
nel and current channel of the MAHO operation is essen- 
tially the sum of the time for the lock-up and 
measurement for the vacant channel and the time for 



lock-up and measurement for the current channel after 
the commencement of the idle slot. Thus, it is completed 
sooner than in the prior art by the time required for setting 
the reception PLL data for the vacant channel in the data 
register 5a. 

Accordingly, even rf the serial reception PLL data is 
transferred from the CPU 1 1a to the data register 5a at 
a low transfer speed, the measurement of the channel 
qualities of the vacant channel and the current channel 
can be completed within the stipulated measurement 
time(1 1 msec), and the requirement of the MAHO timing 
can be met. 

Moreover, since it is not necessary to increase the 
transfer speed of the reception PLL data, generation of 
the noises can be prevented, and degradation in the 
transmitted voice quality and the data communication 
quality can be avoided, and satisfactory reception can 
be continued. 

The above-mentioned embodiment however has the 
following problem. That is, the timing for writing the 
reception PLL data for the vacant channel in the recep- 
tion PLL 5 before the idle slot 2 may be within a trans- 
mission period for the wireless telephone in question, as 
indicated by dotted line Dv 1 in FIG. 15C, and electrically 
affect the operation of the transmitting circuit 6 (FIG. 1). 

More specifically, the clock (FIG. 8A) for setting the 
data from the CPU 1 1 a to the set frequency data register 
5a in the reception PLL 5 has an amplitude of 5 V, and 
affects the operation of the transmitting circuit 6, and 
causes fluctuation of the transmission frequency. This 
appears as noises in the transmitted voice and data, and 
leads to degradation of the transmitted voice quality and 
interference in the data transmission. If the PLL data is 
set during the reception slot of the current channel, the 
receiving circuit is affected by the clock, and erroneous 
operation may be caused. The CPU 1 1 a must carry out 
the control over the setting of the PLL data, concurrently 
with the control over the reception of the signal from the 
base station. 

An embodiment described below with reference to 
FIG. 16Ato FIG. 17E is to solve this problem. FIG. 16A 
and FIG. 16B are flowcharts of the MAHO operation of 
the CPU 1 1 a of the wireless telephone of the TDMA sys- 
tem according to this embodiment. FIG. 17A to FIG. 1 7E 
are its timing charts. 

When the CPU 1 1 a receives a Measurement Order 
(S1 in FIG. 6) from the base station, then at step S221, 
the CPU 11a sets reception PLL data corresponding to 
the frequency of the vacant channel for which the meas- 
urement should be made, in the set frequency data reg- 
ister 5a in the reception PLL 5. during the slot for vacant 
channel (slot 6 in FIG. 17B) at timing Dv (step S221). 

The CPU 11a then makes judgment whether it is 
now in an idle slot (slot 2 in FIG. 17B) (step S222). If it 
is found that it is now in an idle slot at step S222. then 
the reception PLL strobe signal (FIG. 17D) of one bit is 
supplied from the parallel input/output 1 1h of the CPU 
1 1 a to the set frequency data register 5a, and the strobe 
operation is effected at timing STv (step S223). 
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Simultaneously with the strobe processing, a first 
timer (implemented at the controller 1 1 by a software) for 
measuring the lock-up time t1 of the reception PLL 5 is 
started (step S224), and a second timer (implemented 
at the controller 11 by a software) for measuring the time 
t2 predetermined to expire during a period between the 
transmission period and the reception slot of the current 
channel is started (step S225). 

Then, at step S226. the serial reception PLL data 
(FIG. 1 7C) corresponding to the frequency of the current 
channel is set from the serial input/output 1 1 g of the CPU 
1 1a to the set frequency data register 5a in the reception 
PLL 5 at timing Dc. 

Then, at step S227, judgment is made as to whether . 
the lock-up time t1 measured by the first timer has 
expired. If the expiration is detected, then at step S228, 
the measurement of the channel quality of the vacant 
channel is conducted at timing Mv in FIG. 1 7E. 

When the measurement of the vacant channel is 
completed, the reception PLL strobe signal (FIG. 17D) 
of one bit is supplied from the parallel input/output 1 1 h 
of the CPU 11 a to the set frequency data register 5a, and 
the strobe processing is conducted at timing STc (step 
S229). 

Simultaneously with the strobe processing, a third 
timer (implemented at the controller 1 1 by a software) for 
measuring the lock-up time t3 of the reception PLL 5 is 
started (step S230). 

Then, at step S231 , judgment is made as to whether 
the lock-up time t3 measured by the third timer has 
expired. When the expiration is detected, then at step 
S232, the measurement of the channel quality of the cur- 
rent channel is conducted at timing Mc in FIG. 17E. 

Then, at step S233, judgment is made as to whether 
the predetermined time t2 measured by the second timer 
has expired. When the expiration is detected, then judg- 
ment is made as to whether a message for terminating 
the MAHO operation is received from the base station 
(step S234). 

If it is found that the MAHO operation should be con- 
tinued, then at the timing Dv of expiration of the prede- 
termined time 12, i.e., at a timing Dv between the 
transmission period and the current channel reception 
slot (slot 4), the serial reception PLL data M7 (FIG. 1 7C) 
corresponding to the channel of the vacant channel for 
which the measurement should be made is set in the set 
frequency data register 5a in the reception PLL 5 (step 
S235). The process then returns to the step S222. 

The wireless telephone repeats the measurement of 
the channel qualities of the vacant channel and the cur- 
rent channel, and transmission of the results of the 
measurement to the base station until it receives a mes- 
sage for terminating the MAHO operation. 

As has been described, according to the embodi- 
ment of FIG. 1 6A to FIG. 1 7E, the predetermined time is 
measured using the second timer to conduct the setting 
of the PLL data forthe vacant channel in the data register 
5a during a period between the transmission period and 
the current channel reception slot. 



As a result, the influence of the transfer clock on the 
transmitting circuit and the receiving circuit is eliminated, 
and generation of noises in the transmitted voice and 
data can be prevented. For this reason, in addition to the 

5 effects of the first embodiment described above, it is pos- 
sible to conduct satisfactory transmission without 
degrading the transmitted voice quality and data com- 
munication quality. Moreover, erroneous operation due 
to the clock may be prevented. 

io In the above embodiment, the PLL data is set during 
a period other than the transmission period as well as 
the reception slot. However, the PLL data may be set at 
a time which is other than the transmission period but 
may be in the reception slot. Still alternatively, the PLL 

75 data may be set at a time which is other than the recep- 
tion slot but may be in the transmission period. 

In the embodiment of the programmable frequency 
divider 5b is used for cfividing the output of the voltage 
controlled oscillator 5g, and the frequency division factor 

20 of the programmable frequency divider 5b is controlled 
in accordance with the PLL data from the CPU 1 1 a. As 
an alternative, the frequency divider 5c may be replaced 
by a programmable frequency divider, and its frequency 
division factor may be controlled in accordance with the 

25 PLL data from the CPU 11a. In such a case, the program- 
mable frequency divider 5b may be replaced by a fre- 
quency divider with a fixed frequency division factor. 

A further embodiment of the invention will now be 
described with reference to FIG. 1 8 to FIG. 32 as well as 

30 FIG. 1 . The hardware configuration of the wireless tele- 
phone of this embodiment is as shown in FIG. 1 . The 
RAM 11d and ROM 11b of this embodiment has the 
memory areas as illustrated in FIG. 18. 

The RAM 1 1 d contains receive bit stream data mem- 

35 ory D1, receive byte stream data memory D2, transmit 
byte stream data memory D11 and transmit bit stream 
data memory D12. bit sequence operation register 336 
and type register 338. 

The ROM 1 lb contains a receive bit definition table 

40 340 including control message tables, one of which, 342. 
is shown in FIG. 22. The control message tables are pre- 
pared individually for respective message types. The 
ROM 1 1b also contains a transmit bit definition table 344 
including instruction message tables, one of which, 346, 

45 is shown in FIG. 25. The instruction message tables are 
prepared for respective instruction messages. The ROM 
1 1b further contains a bit pattern tabJe 348. shown in fur- 
ther detail in FIG. 28. 

The basic functions of the respective circuits of this 

so embodiment are the same as those described in connec- 
tion with the prior art example of FIG. 1 . Further descrip- 
tion will be made of the functions of some of the circuits 
which relate to the features of this embodiment. 

The receiving circuit 6 includes a data demodulator 

55 and a discriminator (neither being illustrated), and for- 
ward digital traffic channel (FDTC) messages output 
from the discriminator are supplied to the receive signal 
processor 9. 
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The FDTC messages are control data from the base 
station to the wireless telephone, and are received in the 
form of bit stream data. The FDTC messages received 
at the receive signal processor 9 are supplied to the CPU 
11a in the controller 1 1 . The CPU 1 1 a supplies the trans- 
mit signal processor 8 with reverse digital traffic channel 
(RDTC) messages. The transmit signal processor 8 
encodes the RDTC messages, and then supplies them 
to the transmitting circuit 3. The transmitting circuit 3 
includes a data modulator (not illustrated), and transmits 
the RDTC messages, in the form of bit stream data. The 
RDTC messages are control data (base station control 
data) from the wireless telephone to the base station. 

An example of format of FDTC message (wireless 
telephone control) data is shown in FIG. 19. As illus- 
trated, the first field Pr consisting of two bits is a protocol 
discriminator, and indicates the type of the protocol 
(IS54). The next field Msg of 8 bits is a message type, 
and indicates the type of the message. The contents of 
and the number of the remaining bits differ from one type 
of message to another. 

An example of one type of FDTC message of the 
format of FIG. 1 9 is shown in FIG. 20A in byte expression 
and in FIG. 20B in bit expression. The message type field 
(Msg) which is shown to be "11011100" indicates the 
particular message type, which is for commanding hand- 
off. 

The FDTC message data in the form of bit stream 
digital data are supplied from the CPU 1 1a, and stored 
in the receive bit stream data memory D1 . The CPU 1 1 a 
then converts the FDTC message data stored in the 
receive bit stream data memory D1 into a byte stream 
data shown in FIG. 20C, and stores them in the receive 
byte stream data memory D2. The operation for receiv- 
ing the FDTC data will next be described with reference 
to FIG. 21. 

When the CPU 1 1a stores, in the receive bit stream 
data memory D1, the FDTC data in the form of the bit 
stream data from the receive signal processor 9, it then 
performs various initializations for conversion of the bit 
stream data into the byte stream data. That is, at this step 
S301, the CPU 11a sets, in appropriate registers not 
shown, the initial addresses for accessing the bit stream 
data memory D1 and the byte stream data memory D2, 
and also initializes a bit sequence operation register 336 
in the RAM 1 1d. The bit sequence operation register 336 
is used for extracting data of an arbitrary number of bits 
from arbitrary bit positions in the bit stream data memory 
D1. 

At step S302, the CPU 1 1 a extracts the protocol dis- 
criminator Pr at the first two bits, by means of the bit 
sequence operation register 336. from the bit stream 
data stored in the receive bit stream data memory D1, 
and sets it in a type register 338 in the RAM 1 1d. 

At step S303, the message type (Msg) at the next 
eight bits is extracted, and set in the type register 338. 
The CPU 11a identifies the message type according to 
the value of the 8 bits (MSG) stored in the type register 
338, and determines, according to the result of the iden- 



tification, which of the tables in the receive bit definition 
table 340 in the ROM 1 1b should be used. 

In the example shown in FIG. 1 9, the eight bits in the 
message type field (Msg) are "11011100" indicating a 
s command for hand-off), so that the CPU 1 1 a designates 
the control message table 342 which is one of the control 
message tables contained in the receive bit definition 
table 340 (FIG. 22) and which is for the command for 
hand-off. 

10 Tables similar to that of FIG. 22 are provided for the 
respective message types. 

The table in FIG. 22 shows how the bit data (bits 
other than the bits in the Pr and Msg fields) in the bit 
stream stored in the receive bit stream data memory D1 
is should be processed, for conversion, and storage in the 
receive byte stream data memory D2. Each line or row 
in the table shows how each group of bits or bit should 
be processed. The bit type of each group of bits or bit is 
indicated in the column "BIT TYPE". The number of bits 
20 belonging to each group of bits or bit is indicated in the 
column "NUMBER OF BITS (no)", and the memory loca- 
tion in the receive byte stream data memory D2 into 
which each byte data obtained by conversion from each 
group of bits or bit should be stored is indicated in the 
25 column "MEMORY LOCATION (pos)". The order of the 
rows (as counted from the top of the table) corresponds 
to the order of the group of bits or bit in the bit sequence 
in the bit stream data. 

The last row of the table contains the data, DATA- 
END, indicating the end of the bit stream. 

In the control message table 342 shown in FIG. 22. 
only two bit types (BIT-MSG and BIT) are shown. Other 
bit types may be present in other types of messages, and 
hence in the tables for such other types of messages. 

The first row in the table 342 of FIG. 22 indicates that 
the group of eleven bits at the head of the sequence of 
bits (other than Pr and Msg) is of "the type "BIT, the byte 
data obtained by conversion should be stored in the 
"chan" area within the receive byte stream data memory 
D2, and the "chan" area is formed starting at the 1irst byte 
in the receive byte stream data memory D2. 

The second row in the table 342 indicates that the 
group of one bit next to the above-mentioned eleven bits 
is of the bit type "BIT, the byte data obtained by conver- 
sion should be stored in the "rate" area in the receive 
byte stream data memory D2, and the "rate" area is 
formed starting at the third byte in the receive byte 
stream data memory D2. 

The third row in the table 342 indicates that the group 
of three bits next to the above-mentioned one bit is of the 
type "BIT-MSG", the byte data obtained by conversion 
should be stored in the "slot" area in the receive byte 
stream data memory D2. and the "slot" area is formed 
starting at the fourth byte in the receive byte stream data 
memory D2. 

The remaining rows in the table 342 give similar indi- 
cations. 

Returning to FIG. 21, at step S304, the CPU 11a 
identifies the bit type of the group of bits or bit being proc- 
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essed according to the designated row (k-th row) in the 
control memory table 342. In a practical design of the 
telephone, the step S304 is to find which of the 12 bit 
types is indicated by the particular row of the table being 
used. 

If the group of bits or bit is of the bit type "BIT, then 
the step S3 12 is followed. If the group of bits or bit is of 
the type "BIT-MSG", then the sequence of steps S306. 
S308, S309 and S310 are followed. For other bit types 
(Ya to Yj), the corresponding or appropriate one of other 
steps (or sequences of steps) S311a to S3lij is per- 
formed. If the data "DATA-END" is read from the table, 
the processing is stopped 

For simplicity of illustration and description, the proc- 
ess steps for two bit types which appear in the particular 
example of the messages shown in FIG. 19 are illus- 
trated in detail in FIG. 21 , and will be descrtoed in detail, 
and description of the steps (or sequences of steps) 
S111ato S111j is omitted. 

As explained above, the first row in the control mem- 
ory table 342 is for bit type BIT, so that, at the step S304, 
the step S312 is selected. In this step S312, the CPU 
11a extracts the designated number of bits (1 1 bits) at 
the head of unprocessed part of the bit stream, i.e., next 
to the Msg field, in the receive bit stream data memory 
D1 , by means of the bit sequence operation register 336. 
and stores the extracted data in the designated memory 
location, i.e., the "chan" area, of two bytes, in the receive 
byte stream data memory D2. Two bytes consist of 16 
bits, and the remainder of bits (16 bits minus 1 1 bits) are 
filled with arbitrary bits (either "0" or "1 "). In the example 
described later, the remaining bit positions are filed with 
"0\ 

When the step S312 is completed, then at the step 
S307, the control message table 342 is advanced, i.e., 
a pointer, not shown, is changed to point to the next row 
in the table 342: This is in preparation for processing the 
next bit group in the bit stream data. 

The bit type of the next bit group designated by the 
next row in the control message table 342 is also "BIT, 
so that the step S312 is selected, and the CPU 11a 
extracts the designated number of bits (a single bit) at 
the head of unprocessed part of the bit stream, i.e., next 
to the group of 1 1 bits having been processed, in the first 
receiving memory D1 , by means of the bit sequence 
operation register 336, and stores the extracted data in 
the designated memory location, i.e., "rate" area in the 
receive byte stream data memory D2. Again the remain- 
ing 7 bit positions are filled with arbitrary bits. At the step 
S307, the control message table 342 is advanced in 
preparation for processing the next bit group in the bit 
stream data. 

The bit type of the next bit group designated by the 
next row in the control message table 342 is "BIT-MSG", 
so that the sequence of steps S306-S310 are selected. 
At the step S306, the CPU 11a extracts designated 
number of bits (3 bits) at the head of unprocessed part 
of the bit stream data in the receive bit stream data mem- 
ory D1 , by means of the bit sequence operation register 



336, and stores them in the designated memory location, 
i.e., in the "slot" area in the receive byte stream data 
memory D2. At the step S308, the CPU 11a checks 
whether the value of "slot" is "0". If it is not "0", then at 

5 the step S309, a digital hand-off code "16" is set in the 
reception type area, not shown, in the receive byte 
stream data memory D2. If the value of "slot" is "0" at the 
step S308. an analog hand-off code "17" is set in the 
reception type area. The value of "slot" is "0" in the case 

10 of hand-off to analog system (AMP standard employed 
in the U.S.). After the step S309 or S3 10. the control mes- 
sage table 342 is advanced (step S307). 

The above-described steps are repeatedly executed 
until the data is "DATA-END" is read from the control 

is message table 342. By then, all the bits of the bit stream, 
except those of Pr and Msg fields have been converted 
into byte stream data and stored in the receive byte 
stream data memory D2. The thus-obtained byte stream 
data are used for performing control over the wireless 

30 telephone. The operation within the wireless telephone 
is performed under control of a software, which is 
designed to handle byte stream data. That is, converting 
the bit stream data into byte stream data, prior to execut- 
ing the commands from the base station is advanta- 

25 geous since the software for executing the commands is 
simpler, and the ROM storing the software can be of a 
smaller capacity. 

An example of the base station control message, 
i.e., RDTC message is shown in FIG. 23A to FIG. 23C 

30 Any the RDTC message is created by the CPU 11a. 
and stored, in the form of byte stream data in the transmit 
byte stream data memory D1 1 in the RAM 1 1 d. An exam- 
ple of the byte stream data is shown in FIG. 23A. The 
CPU 1 1a converts the byte stream data into bit stream 

35 data. The bit stream data corresponding to the byte 
stream data of FIG. 23A is shown in FIG. 23B in byte 
expression and in FIG. 23C bit expression. The bit 
stream data is stored in the transmit bit stream data 
memory D12. The bit stream data is supplied from the 

40 transmit bit stream data memory D1 2 to the transmit sig- 
nal processor 8. 

Of the RDTC message in the form of bit stream data, 
the first field Pr of two bits is a protocol discriminator, and 
the second field Msg of eight bits is a transmitted mes- 

45 sage type indicating the type of the transmitted message. 
The next field Rem-Len of six bits indicates the number 
ol additional bytes transmitted subsequently. The con- 
tents and the number of the remaining bits differ from 
one type of message to another. 

so Each of the packets forming the RDTC message 
consists of 48 bits, and when any of the bits are unused, 
they are filled with two zero-bits and one or more filler 
octets "00001 1 1 0". If less than eight bits remain after the 
two zero bits or after the last full octect. only part of a 

55 filler octet may be used for filling the remaining bits. 

Referring now to FIG. 24, the operation for generat- 
ing and converting RDTC data will be described. 

When the CPU 11a stores, in the transmit byte 
stream data memory D1 1 , the RDTC data in the form of 
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byte stream data shown in FIG. 23A, it then performs 
various initializations, for conversion of the byte stream 
data into bit stream data. That is, at the step S321, the 
CPU 11a sets initial values of the addresses, in appro- 
priate registers not shown, for accessing the transmit 5 
byte stream data memory D11 and the transmit bit 
stream data memory D12, and initializes the bit 
sequence operation register 336. 

During conversion of byte stream data into bit stream 
data, the bit sequence operation register 336 is used for 10 
reading the data from the transmit byte stream data 
memory D11. 

At the step S322, the protocol discriminator Pr of two 
bits is set in the transmit bit stream data memory D12, 
i.e.. in the Pr field of two bits at the head of the area for 15 
the bit stream data in the transmit bit stream data mem- 
ory D12. 

The CPU 11a, then referring to the type field "type" 
of the byte stream data, identifies the message type, and 
selects one of the tables in the transmit bit definition table 20 
344 preset in the ROM 1 1 b. In accordance with the infor- 
mation on the message type in the byte stream data, the 
CPU 1 1a also sets the transmitting message type in the 
transmit bit stream data memory D1 2, i.e. . it writes eight 
bit data representing the message type, in the Msg field 25 
of eight bits next to the field of two bits for the protocol in 
the transmit bit stream data memory D1 2. 

The transmit bit definition table 344 includes a plu- 
rality of instruction message tables for the respective 
message types. In the example illustrated in FIG. 23, the 30 
code "72" is set in the type field, i.e.. type = 72. This 
means that the message to be transmitted is a "discon- 
nect message" and the CPU 11a designates a corre- 
sponding instruction message table 346 (FIG. 25) 
included in the transmit bit definition table 344. 35 

Tables similar to that of FIG. 25 are provided for the 
respective message types. 

The CPU 1 1 a then skips the fixed number of bits (six 
bits) of the Rem-Len field in the transmit bit stream data 
memory D12. The Rem-Len field will later be filled with 40 
a value indicating the number of bytes of the remainder 
of the bit stream data, i.e., part of the bit stream data after 
the Rem-Len field. The value of Rem-Len is determined 
by dividing the number of bits by eight, with any remain- 
ing bit or bits being raised to one byte. 45 

Referring to FIG. 25, set in the instruction message 
table 346 are bit type (PARA-TYPE3, NUM-VAR1, BIT 
and DATA- END), the number of bits for each of them (or 
the data value), and the memory locations in the transmit 
byte stream data memory D11, from which the byte so 
stream data are to be extracted for the conversion. 

The table shown in FIG. 25 shows how each group 
of bits or bit forming the bit stream data other than Pr, 
Msg and Rem-Len is to be produced from the byte 
stream data. 55 

For instance, the first row in the table of FIG. 25 indi- 
cates that the data which should be set in the field next 
to the field Rem-Len in the area in the transmit bit stream 
data memory D12 is of the bit type PARA-TYPE3, and 



should be formed of four bits ("0001") representing a 
value given in the column "no", which is shown to be "1". 

The second row in the table of FIG. 25 indicates that 
the data which should be set in the next field (field next 
to the field filled with the data by the preceding process 
is of the bit type NUM-VAR1, and should be formed of 
the number ol bits ("000001 ") designated by the value in 
the column "no" (which is shown to be "6") and repre- 
senting the value given in the column "pos", which is 
shown to be "1 

The third row in the table of FIG. 25 indicates that 
the data which should be set in the next field (field next 
to the field filled with the data by the preceding process 
is of the bit type BIT. and should be formed of the number 
of bits designated by the value in the column "no" (which 
is shown to be "4") and representing the value stored in 
the area "reason" in the second byte of the transmit byte 
stream data memory D1 1 . 

The last row in the table of FIG. 25 indicates the end 
of the bit stream data. 

Referring again to FIG. 24. at the step S325, the 
CPU 1 la identifies the bit type of the data (group of bits) 
processed according to each row in the instruction mes- 
sage table 346. 

In a practical design of the telephone, the step S325 
is to find which of the 1 2 bit types is indicated by the par- 
ticular row of the table being used. 

If the data being processed according to the partic- 
ular row is of the bit type "BIT", then the step S329 is 
followed. If the data being processed according to the 
particular row is of the type "PARA-TYPE3" then the step 
S330 is followed. If the data being processed according 
to the particular row is of the lype "NUM-VAR1 " then the 
step S328 is followed. For other bit types Za to Zi, the 
corresponding or appropriate one of other steps (or 
sequences of steps) S326a to S326i is performed. If the 
data "DATA-END" is read from the table, the processing 
is stopped. 

For simplicity of illustration and description, the proc- 
ess steps for three bit types (BIT, PARA-TYPE3, NUM- 
VAR1 which appear in the particular example of the mes- 
sage shown in FIG, 23 are illustrated in detail in FIG. 24, 
and will be described, and details of steps (or sequence 
of steps) S326a to S326i are omitted. 

As explained above, the data processed according 
to the first row in the instruction message table 346 is for 
bit type PARA-TYPE3, so that, at the step S325, the step 
S330 is selected. In this step S330. the CPU 11a sets 
the value "OOOr of four bits representing the value of 
"no" (which is shown to be "1 ") in the column "no" in the 
table 346. At the step S331, the instruction message 
table 346 is advanced in preparation for processing 
according to the next row in the table 346, to produce the 
data for the next field of the bit stream data. 

The data processed according to the next row in the 
instruction message table 346 is "NUM-VAR1", so that 
at the step S325. the step S328 is selected. At the step 
S328. the CPU 11a sets the value "000001" of the 
number of bits (six bits, in the example shown) desig- 
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nated by the value in the column "no", and representing 
the the value "1" in the column "pos" of the instruction 
message table 346, in the field next to the field filled with 
the data by the preceding process. At the next step S331 , 
the instruction message table 346 is advanced in prep- 
aration for processing according to the next row in the 
table 346. 

The data processed according to the third row in the 
instruction message table 346 is "BIT, so that, at the 
step S325, the step S329 is selected. At the step S329, 
the CPU 1 la extracts the data from the designated area 
"reason" in the transmit byte stream data memory Dl 1 , 
with the number of extracted bits (which is "four") being 
designated by the value in the column "no" in the instruc- 
tion message table 346, and sets the extracted data in 
the transmit bit stream data memory D12. At the next 
step S331, the instruction message table 346 is 
advanced in preparation for processing for the next row 
in the table. 

When the data "DATA-END" is read from the instruc- 
tion message table 346. then at the step S325. the step 
S332 is selected. At the step S332, the CPU 11a calcu- 
lates the total number of bits as well as the number of 
bytes subsequent to the filed Rem-Len, and sets the cal- 
culated number of bytes in th e field Rem-Len in the trans- 
mit bit stream data memory D12, and inserts two zero 
bits, and filler octets "00001 110". in the remaining part 
of the 48-bit packet, subsequent to the last field filled by 
the processing according to the table 346. The "total 
number" of bytes mentioned above does not count the 
two zero bits and the filter octets, nor the bits in or before 
the field Rem-Lern. In the example of FIG. 23 A to FIG. 
23C, the number of brts for the fields Para. Num-Var, and 
Reason, the total number of bytes is 16, and the total 
number of bytes is 2. The six-bit binary value "000010" 
(indicating "2") is therefore entered in the field "Rem- 
Len", as shown in FIG. 23C. 

In this way, when the process shown in FIG. 24 ends, 
the conversion into the bit stream data for transmission 
to the base station is completed, and the bit stream data 
is stored in the transmit bit stream data memory D12, 
and is then supplied to the transmit signal processor 8. 

In connection with the above embodiment, descrip- 
tion has been made of the FDTC message data and 
RDTC message data. However, the inventive concept 
described can be applied other messages, for instance, 
the receive data such as the forward analog voice chan- 
nel (FVC) and the forward analog control channel 
(FOCC), and the transmit data such as reverse analog 
control channel (RECC) and the reverse analog voice 
channel (RVC). However, where the bit types are other 
than those described above, then the receive bit defini- 
tion table 340 and the transmit bit definition table 344 
need be altered. 

Referring now to FIG. 26. detailed description will be 
made of the operation for extracting the data (group of 
bits) from the bit stream data memory, i.e., the receive 
bit stream data memory Dl, by means of the bit 
sequence operation register 336. and storing the 



extracted data in the byte stream data memory, i.e., the 
receive byte stream data memory D2, at the step S3 12 
in the embodiment of FIG. 21. In this embodiment, the 
order of the bytes in the receive byte stream data mem- 
5 ory D2 is reversed for ease of processing by means of a 
8086 CPU. 

As an example, let us assume a situation where a 
group of n bits ("n" being equal to the value in the column 
"no" in the control message table) are extracted, starting 

io from the m-th bit position ("m" being equal to the value 
of "getpos") in the receive bit stream data memory Dl, 
as shown in FIG. 27 and FIG. 29. That is, "getpos" indi- 
cates the position of the bit at the head of sequence of 
bits which are to be extracted, and "no" indicates the 

is number of bits which are to be extracted, and is read from 
the receive bit definition table. In the illustrated example 
"no" is assumed to be 13, and "getpos" is assumed to be 
14. 

At the first step S401 , the CPU 1 1a extracts "getpos" 
so and determines a new value of "getpos" by: 

getpos = getpos + no 

At the next step S402, the CPU extracts the new value 
25 of "getpos" and determines a temporary variable "tmp" 
by: 

tmp = getpos - 1 

30 The value of "tmp" indicates the position of the bit at the 
tail of the sequence of bits which are to be extracted. The 
CPU 11a sets "tmp" in a predetermined area in the bit 
sequence operation register 336. 

At the next step S403, the CPU 1 1a selects one of 
35 the eight rows of the bit pattern table (BitTbl ) 348 shown 
in FIG. 28 (and also in FIG. 18), according to the value 
of tmp%8. i.e., a remainder of division tmp/8, and sets 
the contents of the selected row of the table in a register 
"getbit". That is. the tmp%8-th table is selected, with the 
40 value of tmp%8 being given on the left side in each row 
of the table. As illustrated, each row contain 8 bits, and 
tmp%8-th row (tmp%8 being 0 to 7) consists of bit "1 " at 
the tmp%8-th bit (tmp%8 being 0 to 7) as counted from 
the left end, and bits "0" at the remaining bit positions. 
45 At the next step S404. the CPU 1 la determines a 
pointer "dp" by: 

dp - getbuf + tmp/8 

so where "getbuf" indicates the position (address) of the first 
byte of the receive bit stream data memory Dl within the 
entire RAM 11d. 

The value of tmp/8 is determining by rounding up to 
the next integer. 

55 TheCPU11a sets data pointer "dp" in another pre- 
determined area in the bit sequence operation register 
336. 

At the next step S405, the CPU 1 1 a resets a bit data 
register "bitdata" (FIG. 29) in the bit sequence operation 
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register 336. At the next step S406, the CPU 1 1 a initial- 
izes a loop counter (not shown). That is, a variable V 
stored in the loop counter is set to be an initial value "8". 
This is because one byte consists of eight bits. 

At the step S407, judgement is made whether any s 
of the logical products of the respective bits of the byte 
data addressed by the data pointer "dp" and the corre- 
sponding bits of the data in the register "getbir is "1 In 
other words, judgment is made as to whether the bit 
(called "extracted bit") in the byte data addressed by the w 
data pointer "dp" and at the bit position corresponding to 
the bit "1" in the register "getbir is M V\ 

If the extracted bit is "1". "1" is input to the left end 
of the register "bitdata" and at the same the contents of 
the register "bitdata" are shifted rightward by one bit is 
(S408). If the extracted bit is "0", "0" is input to the left 
end of the register "bitdata" and at the same time the 
contents of the register "bitdata" are shifted rightward by 
one bH (S409). 

At the step S410, the value of "no" stored in the bit so 
sequence operation register 336 is decremented by one, 
and judgement is made whether the new value of "no" is 
zero, that is, whether the number of bits of the bit data 
having been extracted from the receive bit stream data 
memory D1 has reached the number set by the control 25 
message table. 

If there is still any bit yet to be extracted from the 
receive bit stream data memory D1 , the result of judge- 
ment at the step S410 will be "NO". 

At the step S41 1 . the value of V stored in the loop 30 
counter is decremented by one, and judgement is made 
whether the new value of "i" is zero, i.e., the rightward 
shift has been conducted the number of times (eight 
times) preset by the loop counter. If the rightward shift 
has not been conducted the preset number of times 35 
(eight times), then the result of the judgement at the step 
S41 1 will be "NO". Then, at the step S413, the contents 
in the register "getbir are shifted leftward by one bit, with 
"0" being input to the right end of the register, and carry 
C being output from the left end. 40 

At the step S414, judgement is made whether the 
carry C is "1" or "0". that is whether the leftward shift has 
been conducted the number of times corresponding to 
the number of bits ("three" in the example under consid- 
eration) to be extracted from the byte data being 45 
addressed by the data pointer "dp". 

If the answer at the step S414 is "YES", then the 
pointer "dp" is decremented by one, and the value of the 
register "getbir is initialized, i.e., "1 " is input to the right 
end of the register "getbir. so 

When it is found at the step $41 1 that the rightward 
shift has been conducted the number of times (eight 
times) set by the loop counter, the next step is step S41 2, 
where the loop counter is again initialized, i.e.. set with 
"eight", and the current value of the register 'bitdata" is 55 
written in the byte position in the receive byte stream data 
memory D2 which is addressed by the pointer "p". The 
pointer "p" is then incremented by one, and the register 



"bitdata" is cleared. The step S412 is followed by the step 
S413. 

If the result of the judgement at the step S410 is 
"YES", i.e., the number of bits of the data having been 
designated by the initial value of "no" have been 
extracted from the receive bit stream data memory Dl , 
the bit data in the register "bitdata" is shifted rightward 
(i-1) times, i.e., until the rightmost bit of the sequence of 
bits having been formed by the logical product of the con- 
tents in the register "getbir and the data in the byte posi- 
tion addressed by the data pointer "dp" reaches the right 
end of the register "bitdata". 

The contents in the register "bitdata" are then written 
in the byte position within the receive byte stream data 
memory D2 being addressed by the data pointer "p". 

By the above described steps, the uppermost byte 
on the right side of FIG. 29 is filled with a sequence of 
bits consisting of three bits toward its right end identical 
to the three bits toward the left end of the lowermost byte 
position on the left side of FIG. 29 and five bits toward 
its left end identical to the five bits toward the right end 
of the second byte position from the bottom on the left 
side of FiG. 29; and is filled with a sequence of bits con- 
sisting three bits toward its right end identical to the three 
bits toward the left end of the second byte position from 
the bottom on the left side of FIG. 29, and two bits next 
to the above mentioned three bits, the two bits being 
identical to the two bits toward the right end of the third 
byte position from the bottom on the left side of FIG. 29. 
The remaining bit positions toward the left end of the sec- 
ond byte position from the top on the right side of FIG. 
29 are filled with "0" although it is immaterial whether thy 
are filled with "1 " or "0". 

Thus, the group of thirteen bits forming part of the 
bit stream data in the receive bit stream data memory 
D1 , as shown on the left side of FIG. 29 is converted into 
byte stream data, and stored in the receive byte stream 
data memory D2, as shown in the right side of FIG. 29. 

Other groups of bits are processed in the same way. 

The value "getpos" indicative of the position of the 
head of the sequence of bits which are to be extracted, 
the value "no" indicative of the number of bits to be 
extracted, and the pointer "p" addressing the byte posi- 
tion in the receive byte stream data memory D2 into 
which the byte stream data obtained by the conversion 
is to be written are set by the control message table 342. 

In this way, the bit stream data in the receive bit 
stream data memory D1 is converted into byte stream 
data, and stored in the receive byte stream data memory 
D2. 

Referring now to FIG. 30, detailed description will be 
made of the operation for extracting the data from the 
transmit byte stream data memory D1 1 , by means of the 
bit sequence operation register 336. and storing it in the 
transmit bit stream data memory D12, at the step S329 
in FIG. 24. As was described in connection with the con- 
version from bit stream data to byte stream data, the 
order of the bytes in the transmit byte stream data mem- 



15 



BNSDOCIO; <£P 069383SA2 J_> 



29 



EP 0 693 835 A2 



30 



ory D1 1 is reversed for ease of processing by means of 
a 8086 CPU. 

As an example, let us assume a situation where a 
group of n bits (("n" being equal to the value in the column 
"no" in the instruction message table) are written, start- s 
ing from the m-th bit position ("m" being equal to a value 
of "setpos") in the transmit bit stream data memory D12. 
as shown in FIG. 31 and FIG. 32. That is, "setpos" indi- 
cates the position of the bit at the head of the sequence 
of bit positions in which the bit data obtained by the con* 
version are to be written, and "no" indicates the number 
of bits which are to be written. The value "no" is known 
from the instruction message table. In the illustrated 
example "no" is assumed to be 13, and "setpos" is 
assumed to be 14. 

At the first step S50 1, the CPU 11a extracts "setpos" 
and determines a new value of "setpos" by: 

setpos = setpos + no 

At the next step $502, the CPU extracts the new value 
of "setpos" and determines a temporary variable "tmp" 
by: 

tmp = setpos - 1 

The value of Imp" indicates the position of the bit at the 
tail of the sequence of bit positions at which the bit data 
obtained by conversion are to be written. The CPU 11a 
sets "tmp" in a predetermined area in the bit sequence 
operation register 336. 

At the next step S503. the CPU 11a selects one of 
the eight rows of the bit pattern table (BitTbl ) 348 shown 
in FIG. 28, according to the value of "tmp%8". and sets 
the contents of the selected row of the table in a register 
"setbit". That is. the tmp%8-th table is selected, with the 
value of tmp%8 being given on the left side in each row 
of the table. 

At the next step S504, the CPU 1 1a sets a pointer 
"dp" by: 

dp = setbuf + (tmp/8) 

where "setbuf" indicates the position (address) of the first 
byte of the transmit bit stream data memory D1 2 within 
the entire RAM 1 1d. 

The value of "tmp/8" is determined by rounding up 
to the next integer. 

The CPU 11a sets the pointer "dp" in another pre- 
determined area in the bit sequence operation register 
336. 

At the next step S505. the CPU 11a sets, in a bit 
data register "bitdata", the contents of the byte data 
addressed by the pointer M p*\ At the next step S506, the 
CPU 11a initializes the loop counter, not shown. That is, 
a variable V stored in the loop counter is set to be an 
initial value "8". 

At the step S507, "0" is input to the left end of the 
register "bitdata", and the contents of the register "bit- 



data" are shifted rightward by one bit, and judgment is 
made whether the carry C, output from the right end of 
the register "bitdata" is "1" or "0". 

If the carry C is "1", then at the step S508, "1" is set 
in the byte position addressed by the data pointer "dp" 
and at the bit position corresponding to the bit position 
in the register "setbit" at which the value is "1". 

If the carry C is "0", then at the step S508. "0" is set 
in the byte position addressed by the data pointer "dp" 
and at the bit position corresponding to the bit position 
in the register "setbit" at which the value is "1". 

At the step S510, the value "no" stored in the bit 
sequence operation register 336 is decremented by one, 
and judgement is made whether the new value of "no" is 
zero, that is, whether the number of bits of the bit data 
having been written in the transmit bit stream data mem- 
ory D12 has reached the number set by the instruction 
message table. 

If there is still any bit yet to be written in the transmit 
bit stream data memory D12. the result of judgement at 
the step S510is "NO". 

Then, at the step S511, the value "T stored in the 
loop counter is decremented by one, and judgement is 
made whether the new value of V is zero, i.e.. the right- 
ward shift has been conducted the number of times 
(eight times) preset by the loop counter. If the result of 
the judgement at the step S51 1 is "NO", the next step is 
the step step S513. where the contents in the register 
"setbit" are shifted leftward by one bit, with "0" being input 
to the right end of the register, and carry C being output 
from the left end. 

At the step S514, judgement is made whether the 
carry "C" is "1" or "0", that is whether the leftward shift 
has been conducted the number of times corresponding 
to the number of bit positions ("three" in the example 
under consideration) into which the bit data obtained by 
conversion are to be written in the byte position 
addressed by the data pointer dp. 

tf the answer at the step S51 4 is "YES", then the next 
step is the step S515, where the pointer "dp" is decre- 
mented by one, and the value of the register "setbit" is 
initialized, i.e., "1" is input to the right end of the register 
"getbit". 

When it is found at the step S51 1 that the rightward 
shift has been conducted the number of times (eight 
times) set by the loop counter, the next step is step S51 2, 
where the loop counter is again initialized, i.e., set with 
"eight", and the pointer "p" is then incremented by one, 
and the contents of the byte data addressed by the 
pointer "p" are set in the register "bitdata". 

H it is found at the step S510 that the number of bits 
having been designated by the initial value of "no" have 
been written in the second transmission memory D12. 
then the process is terminated. 

By the above described steps, the three bits toward 
the right end of the uppermost byte on the right side of 
FIG. 32 is written in the three bit positions toward the left 
end of the first byte position from the bottom on the left 
side of FIG. 32, the five bits toward the left end of the 
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uppermost byte on the right side of FIG. 32 is written in 
the five bit positions toward the right end of the second 
byte position from the bottom on the left side of FIG. 32, 
the three bits toward the right end of the second byte on 
the right side of FIG. 32 are written in the three bit posi- s 
tions toward the left end of the second byte position from 
the bottom on the left side of FIG. 32, and the two bits 
next to the above-mentioned three bits in the second byte 
position from the top on the right side of FIG. 32 are writ- 
ten in the two bit positions toward the right end of the to 
third byte position from the bottom on the left side of FIG. 
32. 

In this way the byte stream data in the transmit byte 
stream data memory D11 is converted into a group of 
bits forming bit stream data, as shown in FIG. 32, and is 
stored in the transmit bit stream data memory D12. The 
group of bits thus obtained form part of the bit stream 
data. 

Other groups of bits may be produced and stored in 
the same way. 20 

The value "setpos" indicative of the position of the 
head of the sequence of bit positions in which the bit data 
obtained by conversion are to be written, the value "no" 
indicative of the number of bits to be written, and the 
pointer "p" addressing the byte position in the transmit 25 
byte stream data memory D11 from which the data 
should be read are set by the instruction message table 
346. 

In this way, the byte stream data in the transmit byte 
stream data memory D11 is converted into bit stream 30 
data, and stored in the transmit bit stream data memory 
D12. 

According to the embodiment of FIG. 1 8 to FIG. 32, 
arbitrary bit stream data exchanged between the base 
station and the wireless telephone can be processed eff i- 35 
ciently at the wireless telephone, by simply providing a 
parameter appending means such as a bit definition 
tableformed in the ROM. Accordingly increase in the size 
and cost of the wireless telephone can be restrained. 

40 

Claims 

1. A wireless telephone of a mobile communication 
system, which performs transmission in series of 
bursts, in synchronism with a receive signal in the 45 
form of a frame, transmitted from the base station, 
each burst of transmission being performed respon- 
sive to a transmission timing signal, comprising: 

means (9) for detecting a sync signal from the 
receive signal; so 

means (11, T3. S104.S107) for generating 
said transmission timing signal on the basis of the 
sync signal; 

means (11. T3, S107, S108) for autono- 
mously generating said transmitting timing signal ss 
when the sync signal is not detected; 

means (8) effecting said each burst of trans- 
mission in accordance with the transmission timing 
signal; and 



means (1 1 , S102, S103) for preventing gen- 
eration of said transmission timing signal when the 
sync signal is not detected for a predetermined time 

(Ta). 

2. The wireless telephone according to claim 1, 
wherein said means for autonomously generating 
said transmission timing signal comprises timer 
means (T3. S107, S108) measuring a predeter- 
mined time corresponding to an interval between 
successive bursts of transmission, from the genera- 
tion of the transmission timing signal for a preceding 
burst of transmission, with the measurement of the 
predetermined time being made by reference to an 
internal oscillator (1 1g). 

3. A method communication of a wireless telephone of 
a mobile communication system, which performs 
transmission in series of bursts, in synchronism with 
a receive signal in the form of a frame, transmitted 
from the base station, each burst of transmission 
being performed responsive to a transmission timing 
signal, comprising the steps of: 

detecting a sync signal from the receive sig- 
nal; 

generating, when said sync signal is 
detected, the transmission timing signal on the basis 
of the sync signal; 

autonomously generating the transmitting 
timing signal when the sync signal is not detected; 

effecting said each burst of transmission in 
accordance with the transmission timing; and 

stopping the generation of the transmission 
timing signal when the sync signal is not detected 
for a predetermined time (Ta). 

4. The method telephone according to claim 3, wherein 
said step of autonomously generating said transmis- 
sion timing signal comprises measuring a predeter- 
mined time corresponding to an interval between 
successive bursts of transmission, from the genera- 
tion of the transmission timing signal for a preceding 
burst of transmission, with the measurement of the 
predetermined time being made by reference to an 
internal oscillator. 

With the above arrangement, H for some reason, 
the signal from the base station is not received at 
the wireless telephone, transmission from the wire- 
less telephone is continued until the expiration of a 
predetermined time (Ta). Accordingly, reception at 
the base station of the transmit signal from the wire- 
less telephone can be continued. 

5. A wireless telephone of a TDMA system having a 
MAHO function, comprising: 

reception means (6) receiving a signal from 
a base station, said reception means (6) capable of 
reception in a selected one of a plurality of channels 
of different frequencies; 
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a controller (11) for causing the reception 
means (6) in a state of reception in a first channel, 
to perform tentative reception and measurement in 
a second channel to find whether it is desirable to 
change a reception channel signal from the first 
channel to the second channel; 

a PLL (5) for determining the frequency of the 
signal to be received by said reception means (6): 

said controller (1 1 . S21 1 , S2 i3; S221 , S223) 
normally causing said PLL to generate a first fre- 
quency corresponding to the first channel by provid- 
ing said PLL with first control data, causing, during 
said MAHO operation, said PLL to generate a sec- 
ond frequency corresponding to the second channel 
by providing said PLL with second control data, and 
applying a change timing signal for causing the PLL 
to change from the first frequency to the second fre- 
quency; and 

means (11, S216. S228) for measuring the 
channel quality of the said second channel; 

wherein said signal transmitted from said 
base station is time-divided in a plurality of slots 
including a first slot which is currently allocated to 
the wireless telephone and a second slot in which 
the measurement of the channel quality of said sec- 
ond channel is to be effected, and 

sard controller (11) performs the operation for 
transferring the first control data to said PLL, prior to 
the commencement of the second slot, and per- 
forms said operation for changing the generated fre- 
quency during said second slot. 

6. The telephone according to claim 5, wherein said 
controller (11) transfers the second control data to 
said PLL in said first slot. 

7. The telephone according to claim 5, wherein said 
controller (11) transfers the second control data to 
said PLL during a period other than a period for 
transmission from the wireless telephone to the 
base station. 

8. The telephone according to daim 5 or 7, wherein 
said controller (11) transfers the second control data 
to said PLL in a period other than the first slot. 

9. A wireless telephone comprising: 

a receive bit stream data memory (D1) for 
storing bit stream data received from a base station; 

a plurality of message tables (342) selected 
according to a message type of the bit stream data, 
each message table defining how each part of the 
bit stream data is to be processed for conversion into 
byte stream data; 

control means (1 1a) for extracting said each 
part of the bit stream data and producing a corre- 
sponding part of byte stream data; 

said each message table designating the 



number of bits forming said each part of the bit 
stream data. 

10. The wireless telephone according to claim 9, 
5 wherein said each message table further designat- 
ing the memory location within said bit stream data 
memory from which said each part of the bit stream 
data should be extracted. 

io 11. The wireless telephone according to claim 9, further 
comprising a receive byte stream data memory (D2) 
for storing the byte stream data, wherein said each 
message table designates memory location in said 
receive byte stream data memory into which said 

is corresponding part of the byte stream data obtained 
by conversion from the bit stream data is to be 
stored. 

12. The wireless telephone according to claim 9, 
20 wherein said each message table defining the man- 
ner of processing said each part of the bit stream 
data according to a bit type of said each part. 

13. A wireless telephone comprising: 

25 a transmit byte stream data memory (D1 1 ) for 

storing byte stream data to be transmitted to a base 
station; 

a plurality of message tables (346) selected 
according to a message type of the byte stream 
so data, each message table defining how each part of 
the byte stream data is to be processed for conver- 
sion into bit stream data; 

control means (11a) for extracting said each 
part of the byte stream data and producing a corre- 
35 spending part of bit stream data; 

a transmit bit stream data memory (D12) for 
storing the bit stream data obtained by conversion 
from said byte stream data; 

said each message table designating the bit 
40 position into which said corresponding part of the bit 
stream data is to be stored. 

14. The wireless telephone according to claim 13, 
wherein said each message table designating the 

45 byte position in said byte stream data memory from 
which said each part of the byte stream data is to be 
extracted. 

15. The wireless telephone according to claim 13, 
so wherein said each message table defining the man- 
ner of processing said each part of the byte stream 
data according to a bit type of said each part. 
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performed responsive to a transmission timing signal, a 
sync signal is detected from the receive signal, the 
transmission timing signal is generated on the basis of 
the sync signal, and a each burst of transmission is 
effected in accordance with the transmission timing sig- 
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transmitting timing signal is autonomously generated for 
a certain time period after the sync signal is last 
detected. In another aspect of the invention, during 
reception in a first channel the channel quality of 
another vacant channel is measured by transferring PLL 
data to the PLL prior to the slot in which the measure- 
ment is effected. In a further aspect of the invention, bit 
stream data transmitted from the base station is con- 
verted into byte stream data and used for control within 
the wireless telephone. 
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